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Abstract.  Pigs are one of the most important domesticated animals in Vietnam.  They are the main source of meat for
the Vietnamese.  According to FAO statistics, Vietnam is among the top 5 countries raising pigs in the world, with
nearly 27 million hogs.  This review article introduces the distribution, morphology, growth potential, meat-producing
ability and reproductive efficiency of six Vietnamese indigenous pig breeds: I, Mong Cai, Muong Khuong, Soc, Meo and
Co.  The collected data showed that these Vietnamese pigs are less effective in comparison with Western pigs in terms
of reproductive and meat-producing ability as well as weight growth.  However, these Vietnamese indigenous breeds
have some special characteristics, such as very early sexual maturity, and good adaptability to harsh raising conditions
or poor feeding.  Moreover, recent genetic research has shown that Vietnamese pigs are genetically diverse.  Thus,
conservation of these pig breeds using assisted reproductive techniques is urgent and important.
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he pig makes a major contribution to the world’s meat supply.
Within the global context, it constitutes the most important

source of meat (40%), followed by cattle (29%).  It is expected that
pig meat will remain the single most important meat source, hence
playing a pivotal role, particularly in the case of meat production in
Asia.  In view of the growing human population, pig production
continues to play a significant role, which gives rise to an urgent
need to sustain research in the field as well as to advance existing
reproductive technologies to enable improved and efficient produc-
tion of piglets to ensure the safeguard of sustainable food
production.  In addition, pigs are considered a suitable source of
cells and organs for xenotransplantation for replacement of those of
humans.  The newest achievement in producing human immuno-
logically compatible piglets (3-galactosyltransferase knockout
pigs), particularly those of non-Porcine Endogenous Retrovirus
(PERV) miniature breeds of swine with human-sized organs [1, 2],
might spur creation of a humanized biomedical industry.  However,
we are losing these resources because more and more swine breeds
are at risk, mainly due to globally standardized economical pig pro-
duction, which forces pig farmers all over the world to choose to
raise only a few breeds, such as Duroc, Landrace and Large White.

Pigs and humans have been interacting for 10,000 years.  Wild
boars were important prey animals for early hunter-gatherers across

wide areas of Eurasia until the early Holocene [3].  During the
Neolithic Revolution, this predator-prey relationship radically
shifted as wild pigs and several other large mammals were domes-
ticated.  Extensive zooarcheological records suggest that pigs were
first domesticated about 9,000 years ago in the Near East [4],
whereas more recent molecular and archaeological evidences sug-
gest a second independent domestication of pigs in the Far East [5,
6].  Mitochondrial DNA (mtDNA) sequences from 686 wild and
domestic pig specimens place the origin of wild boar in Island
Southeast Asia (ISEA), where they dispersed across Eurasia, and
new genetic data reveal not just one or two, but, multiple centers of
domestication across Eurasia [7].

Many breeds and varieties of pigs originated from these domes-
tication centers.  The estimated number of pig breeds being raised
currently is 649 [8].  This number reflects their major use.  How-
ever, pigs do not provide any secondary products such as milk and
wool, nor do they have additional uses such as transport or power,
as do some other common farmyard animals.  Thus, the modern pig
industry only focuses on meat efficiency in selection of “good
pigs”.  Furthermore, under human selection force, only economi-
cally efficient breeds receive sufficient care from human beings,
while others have been ignored and are facing major population
loss.  This leads to the fact that as many as 47 breeds are catego-
rized as critical, another 85 breeds are endangered and 151 breeds
have become extinct [8].  These statistics show clearly the serious
loss of porcine bio- and genetic diversity.

Since it belongs to Southeast Asia, one of the earliest domestica-
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tion centers of pigs, interaction with pigs quickly developed in
ancient Vietnam.  The pig has been one of the most important
domesticated animals in Vietnam.  Pigs appear frequently in Viet-
namese folk art such as in verses, paintings, songs, and legends.
They are always portrayed as being slumped in Dong Ho Paintings,
one of the most distinct Vietnamese folk arts, as a symbol of being
well-fed, wealthy and happy (Fig.1).  More precisely, the pigs
depicted in the paintings are the “I” breed, one of the indigenous
breeds of Vietnam.  Other breeds which are also considered as
indigenous include the Mong Cai, Muong Khuong, Soc, Meo and
Co.

Pigs have been the main source of meat for the Vietnamese.
According to FAO statistics [9], Vietnam is among the top 5 coun-
tries raising pigs in the world, with nearly 27 million hogs.
However, most of these pigs are Landrace, Large White, Duroc or
crossbreeds between them, while the numbers of the above men-
tioned indigenous breeds have been decreasing dramatically.  Thus,
the loss of these indigenous breeds means loss of an abundant res-
ervoir of genetic diversity of domesticated pigs, and conservation
activities are urgently needed.

In this review, we introduce some information about the genetic
diversity, reproductive efficiency, growth potential, meat-produc-
ing ability, morphology, and distribution of six Vietnamese
indigenous pig breeds, I, Mong Cai, Muong Khuong, Soc, Meo and
Co, and review their conservation using artificial reproductive
technologies.

Genetic Diversity and Conservation of 
Vietnamese Indigenous Pigs 

Using Artificial Reproductive Technologies

Collaborative research between Japanese and Vietnamese scien-
tists has been performed to compare the mitochondrial DNA
sequences of Vietnamese domestic pigs with those of domestic
breeds from other regions of Asia [10].  That study showed that
Vietnamese domesticated pigs are genetically diverse and rela-
tively close to East Asian pigs.  Research using microsatellites to
compare Western pig breeds with some Vietnamese indigenous
porcine breeds, including the Mong Cai, Muong Khuong, Meo and
Co, has revealed that the Vietnamese breeds harbor a considerable
amount of genetic diversity [11].  Recently, research on the mito-
chondrial diversity of native pigs in mainland South and South-east
Asian countries, including Vietnam, has been performed [12].  That
study suggested that maternal introgression from European domes-
tic pigs has had no or little impact on Vietnamese pigs since no
European mitochondrial DNA haplotypes were detected among the
samples.  It also suggested that although some local Vietnamese
breeds may have a historically Chinese origin, they are now unique
due to a long history of the breed improvement and fixation to
acquired biological fitness.  The results from these studies suggest
that Vietnamese indigenous pigs have a high value of genetic diver-
sity, and they are imperatively needed to be conserved.

Theoretically, it would be better to implement ex situ conserva-
tion programs before an animal population becomes threatened.
However, the populations of Vietnamese pig breeds are becoming
small and fragmented.  Thus, the conservation should be accom-

plished by breeding programs to retain the maximal gene diversity
while avoiding inbreeding depression and minimizing genetic drift,
demographic bottlenecks and founder effects.  The basis for suc-
cess is ensuring populations and individuals to produce offspring of
known provenance and appropriate genotype in these rare breeds.
For these reasons, there has been substantial interest in the applica-
tion of assisted reproductive techniques (ART), including artificial
insemination, in vitro fertilization (IVF), somatic cell nuclear trans-
fer and embryo transfer using fresh or frozen-thawed gametes and
embryos.  This also includes the concept of developing Genome
Resource Banks (GRBs), that is, organized repositories of frozen
biomaterials.  Establishing GRBs in concert with ART has poten-
tial for preserving genetic diversity of many endangered breeds.

In an effort to conserve these minipigs, ARTs have been used to
produce embryos in vitro from Meo pigs [13, 14].  Somatic cells
and spermatozoa from Meo mini-pigs were collected and preserved
in a cryobank in the framework of a VAST-JSPS project between
Japan and Vietnam.  The above studies showed that ARTs that have
been used for Western pigs can be applied conveniently to Viet-
namese pigs.  The in vitro-produced embryos were transferred to
either a Meo or Mong Cai sow.  Nevertheless, no pregnancies have
been obtained due to the small number of transferred embryos,
since the embryos recovered from recipients appeared to be normal
(personal communication).  So, it is important to significantly
increase the blastocyst formation rate because of the limited num-
ber of oocytes recovered from miniature pigs.  Many efforts have
been made to improve in vitro production (IVP) of blastocysts,
since this is one of the top priorities for pigs.  The development of
an optimal culture medium has also been a research focus in recent
years.  Along with adding various compounds into in vitro culture
media, the culture conditions have also been also optimized by use
of 5% carbon dioxide and 5% oxygen.  Although those efforts have
improved the efficacy of the porcine IVP system, the system is still
considered inefficient.  It is necessary to use and develop some
proper technique in order to dramatically change the blastocyst for-
mation rate.

In recent research, halving 2-cell embryos into 2 single blas-
tomeres possibly doubled the blastocyst formation rate in pigs
(unpublished data).  These results are expected to be applied to
Vietnamese domestic pigs in the near future.  Twin blastocysts pro-
duced from the same 2-cell embryos can also be transferred to
suitable recipients to achieve high pregnancy rates, resulting in
many live piglets on the ground.

Reproductive Efficiency

The growth potentials of I, Mong Cai, Muong Khuong, Soc,
Meo and Co pigs are shown in Table 1 [15].  Except for the Mong
Cai, the other breeds have a lower litter size compared with West-
ern pigs raised in Vietnam; 10–12 piglets for Landrace and 10–13
piglets for Yorkshire.

The numbers of parturitions per year of Landrace (2 to 2.2) and
Yorkshire (2 to 2.1) pigs are also higher that those of Vietnamese
indigenous pigs (1.1 to 1.4, except for Mong Cai).

However, some Vietnamese breeds show a surprisingly early
age of sexual maturity.  For example, Co pigs are mature at the age
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of 2 to 3 months.  Mong Cai boars also reach puberty at the age of
2 months and their sperm are fully capable of fertilizing females.  I
boars even start to practice jumping on females’ backs at 3 to 4
weeks old and sperm from 40-day-old boars are able to fertilize
females and produce piglets.  This special character is likely to
have benefits for production efficiency.  Thus, conservation of
these pig breeds is important for the future.

Growth Potential and Meat-producing Ability

The growth potentials and meat-producing abilities of the 6
Vietnamese indigenous pigs are shown in Tables 2 and 3, respec-
tively [15].  The data reveal a large difference in weight between
Vietnamese and Western pigs (raised in Vietnam).

The infant weights of the 6 Vietnamese breeds range from 0.4 to

0.6 kg and are lighter compared with the 1.2–1.3 kg of the infant
Landrace.  A six-month-old adult Landrace or Duroc pig weighs
around 100 kg, whereas the weight varies from 17.45 to 27.88 kg
among the adults of the Vietnamese breeds.

The Western breeds raised in Vietnam also have a higher pro-
portion of lean meat (52–55% for Yorkshire, 54–56% for Landrace
and 58–60% for Duroc) compared with the 6 Vietnamese indige-
nous pigs (30.2–46.4%).

These statistics show clearly that Western pigs are much more
effective for meat production than Vietnamese indigenous pigs.
The Western pigs are well-known for their great adaptation ability.
Nevertheless, no reports have shown the possibility of raising these
Western breeds in the mountainous regions where local Vietnam-
ese pigs are raised loosely (rather than captive) in a harsh climate
under poor feeding conditions.  This partly explains why the local

Table 1. Reproductive efficiency of Vietnamese pig breeds

Parameters I Mong Cai Muong Khuong Soc Meo Co

Estrus cycle (days) 19–21 21 20–21 20–21 21–22 21–22
Length of estrus (days) 3–4 3–4 5–7 4–5 5–6 5–6
Age at first estrus (months) 4–5 6–8 6–7 6–9 8–9 2–3
Number of parturitions per year 1.6–1.7 1.5–2 1.2–1.3 1.1–1.2 1.2–1.4 1.2–1.3
Litter size 8.8–11.3 10–14 5 6–10 6–7 6–7
Weight of weaned pig (kg) 3–4 6–7 5–6 5–6 4–5 3
Parturition interval (months) 6–7 5–6 9–10 10–11 9–10 9–10
a Although female “I pigs” show estrus and are able to become pregnant at the age of 4 to 5 months, the first mating should be at the age of 8
months because of their low weight (about 20 kg).

Table 2. Weight growtha of Vietnamese pig breeds

Age I Mong Cai Muong Soc Meo
(month) Pha Mo  Khuong Loose Captive

Infant 0.42 0.45 0.45 0.6 0.4–0.45 0.48
2 4.4 4.5 6 5.5 3.8 4.15 4.2
3 7.5 7.30 10 9.90 7.90 9.0 9.5
4 13.5 13 14 16.5 12.8 15.2 13
6 24.90 22.5 25 27.88 17.45 19.4 25
9 39.9 41.3 45 54.13 24.2 31.0 43.9
12 48.2 50.5 54 69.31 30.57 40.42 64.2
>12 50–60 60–65 75–80 92.44 50.87 50–55 114.9
a Weights are indicated in kg.

Table 3. Meat-producing ability of Vietnamese pig breeds

I Mong Muong Soc
Mo Pha Thanh Hoa Cai Khuong Captive Loose Co

Carcass proportiona (%) 62.7 64.1 63.3 68–70 64.1–69.8 77.7 75 50–55

Carcass composition
     Fat (%) 48.2 42.6 41.8 35–36 29–38.8 38.2 32.2 35.1
     Bone (%) 8.8 10.5 10.6 12.6 13.5 14.5 15.0 14.3
     Lean meat (%) 30.2 33.5 33.5 35–38 39.8–40.4 34.4 43.8 40.2
a Carcass proportion is the ratio of the body of the slaughtered animal after the removal of the offal to the body weight of the live animal.
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breeds, including the Soc, Meo and Muong Khuong, are still raised
in mountainous regions in spite of the fact that the Western breeds
are far superior in growth potential and meat-producing ability.

Morphology

There are many types of I (shown in Fig. 2), of which the “I mo”,
“I pha” and “I Thanh Hoa” are the most popular.  They have some
differences in appearance.  The I’s hair is short, sparse, black and
shinny.  Their body and legs are short.  They have a sagging back,
hanging-down belly, small eyes, big and short mouth and sagging
cheeks.  Many female I have 2 bandy posterior legs [15].

The Mong Cai (shown in Fig. 3) has thin white hair, white skin,
a big head, a small and long mouth, small and pointed ears, a long
and sagging back, a hanging-down belly and long legs.  Its back
and buttocks have black saddle-liked areas.  There are 2 races of
Mong Cai pig, with big and small bones, respectively.  They are lit-
tle different in morphology [15].

The Muong Khuong’s hair is thin, soft and completely black or
black-with-white-spots on the head, tail and legs (shown in Fig. 4).
This breed has a long, straight or slightly curved mouth, big ears
and legs, a large body but thin dorsal area, and a fat belly that does
not hang-down [15].

The Soc looks like a wild pig with a small body size and a long

Fig. 2. I pigs: boar (left), sow (right).

Fig. 3. Mong Cai pigs: boar (left), sow (right).

Fig. 4. Muong Khuong pigs: boar (left), sow (right).

Fig. 1. Pigs in Dong Ho Paintings. This Vietnamese woodblock print is
a distinct Vietnamese folk art originating in Dong Ho Village,
Bac Ninh Province, which is north of Hanoi.

Fig. 5. Soc pigs: boar (left), sow (right).

Fig. 6. Meo pigs: boar (left), sow (right).

Fig. 7. Co pig.
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and pointed mouth.  It has thick skin, long black hair and small legs
(shown in Fig. 5).  It moves very quickly on its feet.  Thus, it is suit-
able for raising under loose or self-feeding conditions [15].

The Meo has a big and long body with long, hard, black hair and
yellow skin (shown in Fig. 6).  This breed usually has a large head
and large ears, a curved-over back and 6 white spots on its legs,
forehead and tail.  They sometimes have a white area on their belly
[15].

The Co has a small body; the weight of an adult Co is only 30–
35 kg (shown in Fig. 7).  This miniature pig always has white and
black hair, a long mouth, small bones and a hanging-down belly.
The boar is often smaller than the sow.  It is unusual to find a boar
that weighs over-20kg boar [15].

Distribution

The general distribution of the six Vietnamese pig breeds is
shown in Fig. 8 [15].

Before the 1970s, the “I” was raised widely in many provinces
of the Hong River Delta and Thanh Hoa (about 1.5 billion I pigs).
Since then, the area in which this breed is raised has become
increasingly restricted.  Nowadays, only a few villages in Thanh
Hoa continuously raise I pigs.

Quang Ninh, a province in Northern Vietnam, is considered to
be the homeland of the Mong Cai.  During the 1960s and 1970s,
this pig was raised throughout the entire Northern delta.  Since
then, they have been raised in Central Vietnam and some Southern
provinces.

The Muong Khuong is a local breed.  This pig has long been

raised by the H’Mong tribe in Muong Khuong (Lao Cai) and many
other mountainous regions of Northern Vietnam.

The Soc is distributed mostly in the minorities’ villages of Tay
Nguyen.  The estimated population of this local breed is about
5,000.

The Meo is distributed mostly on and around Truong Son Moun-
tain, a cool region.  This breed has been acclimatized to free
raising.  It has been popularly raised by the H’Mong tribe.  The
Meo pig has also been raised widely in Nghe An, a province in
Central Vietnam.  Beginning after the 1960s, it has also been nur-
tured in some other delta districts of this province.

The Co is a miniature pig.  Before the 1960s, it was raised in
Central Vietnam, especially in Nghe An, Ha Tinh and Binh Tri
Thien.  This breed used to be a special breed in these provinces.
However, it is almost extinct now.
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